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&RQIHUHQFH3URFHHGLQJVRI,6(,0
7RZDUGV8QGHUVWDQGLQJRI+LJK(OHFWULF)LHOG3KHQRPHQDLQ3RO\PHULF'LHOHFWULFV

*HRUJH&KHQ

7KH7RQ\'DYLHV+LJK9ROWDJH/DERUDWRU\
8QLYHUVLW\RI6RXWKDPSWRQ8QLWHG.LQJGRP
(PDLOJF#HFVVRWRQDFXN

$EVWUDFW²8QGHUVWDQGLQJWKHUHVSRQVHRISRO\PHULFLQVXODWLQJ
PDWHULDOV WR KLJK HOHFWULF ILHOGV LV QRW RQO\ VFLHQWLILFDOO\
FKDOOHQJHEXWDOVRSUDFWLFDOO\LPSRUWDQW6LJQLILFDQWDPRXQWRI
HIIRUWKDVEHHQPDGHRYHUWKH\HDUVDQGLWKDVEHHQIRXQGWKDW
WKHUHDUHVHYHUDODQRPDORXVSKHQRPHQDRFFXUUHGLQSRO\PHULF
GLHOHFWULFVXQGHUKLJKHOHFWULFILHOGV,QWKHSUHVHQWSDSHUDOO
WKHVHSKHQRPHQDKDYHEHHQH[SHULPHQWDOO\GHPRQVWUDWHGEXW
PRVW LPSRUWDQWO\ZH YLHZWKH REVHUYHG SKHQRPHQD RULJLQDWH
IURP WKH VDPH PHFKDQLVP WKHUHIRUH KDYH WDNHQ D FRKHUHQW
DSSURDFK  $ GRXEOH LQMHFWLRQ PRGHO KDV EHHQ XVHG WR
XQGHUVWDQG WKH REVHUYHG SKHQRPHQD XQGHU KLJK ILHOGV
6LPXODWLRQVEDVHGWKHPRGHOUHYHDOWKDWWKHSUHVHQFHRIELSRODU
FKDUJHVLVWKHNH\WRH[SODLQWKHVHDQRPDORXVSKHQRPHQD
.H\ZRUGV KLJKILHOGVVROLGGLHOHFWULFVDQRPDORXVSKHQRPHQD
ELSRODUFKDUJHLQMHFWLRQVLPXODWLRQ
, ,1752'8&7,21
2SHUDWLQJ DW KLJK HOHFWULF ILHOGV IRU FRPSDFW DQG KLJK
SHUIRUPDQFH DSSDUDWXV DQG WKH LPSURYHPHQW RI UHOLDELOLW\
DQGORQJWHUPOLIHXQGHUVHYHUHRSHUDWLRQFRQGLWLRQVEHFRPH
LQFUHDVLQJO\ LPSRUWDQW LQ WKH FRPSHWLWLYH PDUNHW ,Q VXFK
FLUFXPVWDQFHVLWLVHVVHQWLDOWRLPSURYHLQVXODWLQJPDWHULDOV
EDVHG RQ WKH IXQGDPHQWDO XQGHUVWDQGLQJ RI KLJK ILHOG
SKHQRPHQD &RQVHTXHQWO\ WKH UHVHDUFK LQ WKLV DUHD KDV
DWWUDFWHGVLJQLILFDQWDWWHQWLRQ7KHUHDUHVHYHUDODQRPDORXV
SKHQRPHQD REVHUYHG XQGHU KLJK HOHFWULF ILHOGV 7KHVH
SKHQRPHQD ZHUH UHSRUWHG LQ WKH OLWHUDWXUH LQ VHSDUDWHG
VWXGLHV
,QWKLVSDSHUWKHVHODQRPDORXVSKHQRPHQDXQGHUKLJKGF
HOHFWULFILHOGVZHUHEULHIO\UHYLHZHGZLWKH[DPSOHVIURPWKH
UHVXOWVREWDLQHGE\WKHDXWKRU%DVHGRQVWURQJH[SHULPHQWDO
HYLGHQFHV D XQLILHG PRGHO EDVHG RQ D ELSRODU FKDUJH
LQMHFWLRQ KDV EHHQ XVHG WR VLPXODWH WKH SKHQRPHQD
6LPXODWLRQUHVXOWVVKRZHGWKDWDOOWKHDQRPDORXVSKHQRPHQD
REVHUYHGFDQEHTXDOLWDWLYHO\H[SODLQHGLQGLFDWLQJWKHVDPH
SK\VLFDORULJLQ

,, $120$/2863+(120(1$81'(5+,*+'&),(/'6
7KHUHVSRQVHRISRO\PHULFPDWHULDOVWRWKHDSSOLHGHOHFWULF
ILHOGLVUHODWHGWRWKHLQWHUDFWLRQRIGLSROHDQGHOHFWULFFKDUJH
ZLWK WKH ILHOG  :KHQ WKH DSSOLHG ILHOG LV LQFUHDVHG WKH
SKHQRPHQD REVHUYHG DUH PRVW OLNHO\ UHODWHG WR FKDUJH
LQMHFWLRQ WUDSSLQJ UHFRPELQDWLRQ DQG WUDQVSRUW 7KH\ DUH
RIWHQVXUSULVLQJDQGEH\RQGRXUDQWLFLSDWLRQV
$ 7UDQVLHQW6SDFH&KDUJH/LPLWHG&XUUHQW
:KHQDGFHOHFWULFILHOGLVDSSOLHGWRDGLHOHFWULFPDWHULDO
WKHUHZLOOEHDFXUUHQWIORZLQJDQGWKLVFXUUHQWZLOOGHFD\
PRQRWRQLFDOO\ RYHU D SHULRG RI WLPH SRODUL]DWLRQ FXUUHQW
DQG ILQDOO\ UHDFK WR D VWHDG\ YDOXH FRQGXFWLRQ FXUUHQW
+RZHYHUXQGHUDKLJKHOHFWULFILHOGDQGLQWKHSUHVHQFHRI
FKDUJHLQMHFWLRQDQGWUDSSLQJLQWKHEXONRIWKHPDWHULDOD
WUDQVLHQWVSDFHFKDUJHOLPLWHGFXUUHQWFDQEHREVHUYHGZKHUH
D FXUUHQW SHDN RFFXUV 7KH WUDQVLHQW VSDFH FKDUJH OLPLWHG
FXUUHQWZDVDKRWWRSLFLQVGXHWRLWVLPSRUWDQFHWRWKH
UDSLG GHYHORSPHQW LQ HOHFWURQLFV DQG VROLG VWDWH GHYLFHV
7KHRUHWLFDOZRUNRQWKHWRSLFZDVSLRQHHUHGE\0DQ\DQG
5DNDY\>@LQ%DVHGRQVLQJOHFKDUJHFDUULHULQMHFWLRQ
WKH WUDQVLHQW FXUUHQW SHDN FDQ EH XVHG WR HVWLPDWH WKH
PRELOLW\ RI WKH FKDUJH FDUULHU 7KLV WUDQVLHQW FXUUHQW SHDN
ZDV VXEVHTXHQWO\ REVHUYHG LQ SRO\PHULF PDWHULDOV DW KLJK
ILHOGV>@$W\SLFDOUHVXOWLVVKRZQLQ)LJXUH


)LJXUH  7UDQVLHQW VSDFH FKDUJH OLPLWHG FXUUHQW LQ /'3(
(DSSO N9PPDW
R&>@
% 'HSRODULVDWLRQ&XUUHQW)ORZLQJLQWKH6DPH'LUHFWLRQ
DV3RODULVDWLRQ&XUUHQWV
$IWHUWKHUHPRYDORIWKHDSSOLHGGFILHOGDFXUUHQWWHUPHGDV
WKH GHSRODUL]DWLRQ FXUUHQW QRUPDOO\ IORZV LQ WKH RSSRVLWH
GLUHFWLRQ WR WKH SRODUL]DWLRQ FXUUHQW +RZHYHU XQGHU KLJK
HOHFWULF ILHOGV LW KDV EHHQ REVHUYHG >@ WKDW WKH
GHSRODUL]DWLRQFXUUHQWGURSVYHU\UDSLGO\DQGSDVVHVWKURXJK
WKH ]HUR SRLQW $IWHU WKDW WKH FXUUHQW IORZV LQ WKH VDPH
GLUHFWLRQ DV WKH SRODUL]DWLRQ FXUUHQW DQG GHFD\V WR ]HUR
HYHQWXDOO\DVVKRZQLQ)LJXUH6RIDUQRWKHRU\KDVEHHQ
SXWIRUZDUGH[FHSWDQRYHUVLPSOLILHGPRGHOEDVHGRQWKH
ELSRODUFKDUJHLQMHFWLRQ>@


)LJXUH$QRPDORXVGLVFKDUJHFXUUHQWLQ/'3((DSSO 
N9PPDW
R&>@

& 6SDFHFKDUJHSDNHW
)ROORZLQJ WKH VLJQLILFDQW GHYHORSPHQW LQ FKDUJH PDSSLQJ
WHFKQLTXHVVSDFHFKDUJHSDFNHWKDVEHHQREVHUYHGLQPDQ\
RFFDVLRQVLQSRO\PHULFPDWHULDOVXQGHUKLJKHOHFWULFILHOGV
>@,WFDQEHORRVHO\GHILQHGDVDSXOVHRIQHWFKDUJHWKDW
SURSDJDWHVDFURVVWKHPDWHULDOXQGHUWKHLQIOXHQFHRIHOHFWULF
ILHOGZKLOHPDLQWDLQLQJLWVVKDSH,QUHDOLW\LWPD\EURDGHQ
          
&RQIHUHQFH3URFHHGLQJVRI,6(,0
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LWVVKDSHGXULQJWUDYHOOLQJDVVKRZQLQ)LJXUHZKHUHDGF
YROWDJHRIN9ZDVDSSOLHGDFURVVPWKLFNORZGHQVLW\
SRO\HWK\OHQHDWURRPWHPSHUDWXUH&KDUJHSDFNHWKDVEHHQ
WHUPHGDVDQXQH[SHFWHGSKHQRPHQRQDQGXVXDOO\IRUPHG
XQGHUKLJKHOHFWULFILHOGDQGSURSDJDWHVWKURXJKWKHPDWHULDO
IURP RQH HOHFWURGH WR WKH RWKHU ,Q PDQ\ FDVHV SRVLWLYH
FKDUJHSDFNHWZDVUHSRUWHGDOWKRXJKQHJDWLYHFKDUJHSDFNHW
ZDVDOVRREVHUYHG
)LJXUH$FKDUJHSDFNHWWUDYHOOLQJDFURVV/'3(ILOP

' &URVVRYHU6XUIDFH3RWHQWLDO'HFD\
&RURQD FKDUJLQJ DQG VXUIDFH SRWHQWLDO GHFD\ ZHUH VWXGLHG
H[WHQVLYHO\LQ¶VDVLWSURYLGHVDXVHIXOWRROWRPRQLWRU
FKDUJHPRYHPHQWLQWKHLQVXODWLQJPDWHULDOVDQGFKDUDFWHUL]H
WKHLU SURSHUWLHV ,Q     V X U I D F H S R W H QWLDO FURVVRYHU
SKHQRPHQRQ ZDV ILUVWO\ UHSRUWHG E\ ,HGD HW DO >@ LH
LQLWLDOO\WKHVXUIDFHSRWHQWLDORIDVDPSOHFKDUJHGWRKLJK
SRWHQWLDOGHFD\VPRUHUDSLGO\WKDQRQHFKDUJHGWRDORZHU
SRWHQWLDO)LJXUHVKRZVDW\SLFDOH[DPSOHRIWKHVXUIDFH
SRWHQWLDOGHFD\FURVVRYHU0RVWRIWKHWKHRULHVDGGUHVVHG
WKHWLPHHYROXWLRQRIWKHVXUIDFHSRWHQWLDOLQWHUPVRIVXUIDFH
FRQGXFWLRQ>@FKDUJHLQMHFWLRQ>±@DQGSRODUL]DWLRQ
>@,WLVZRUWK\WRSRLQWRXWWKDWWKHIDVWSRWHQWLDOGHFD\
RFFXUVRQO\ZKHQWKHHOHFWULFILHOGDFURVVWKHVDPSOHH[FHHGV
DFHUWDLQYDOXH7KHH[LVWLQJWKHRULHVDQGPRGHOVZHUHDOO
EDVHGRQWKHVLQJOHFKDUJHLQMHFWLRQDQGYDULRXVXQUHDOLVWLF
DVVXPSWLRQVZHUH PDGH VXFK DVSDUWLDO LQMHFWLRQ DQG WLPH
GHSHQGHQWLQMHFWLRQ


)LJXUH  6XUIDFH SRWHQWLDO GHFD\ RI ȝP /'3( VDPSOHV
DIWHUEHLQJFRURQDFKDUJHGDWGLIIHUHQWYROWDJHV

( &URVVRYHULQ6SDFH&KDUJH'HFD\
:LWK WKH UHFHQW SURJUHVV LQ VSDFH FKDUJH PHDVXUHPHQW
WHFKQLTXHVLWLVSRVVLEOHWRREVHUYHFKDUJHHYROXWLRQZLWKLQ
WKH EXON RI WKH LQVXOWLQJ PDWHULDO $IWHU WKH YROWV RQ
PHDVXUHPHQWLWLVDOVRSRVVLEOHWRREVHUYHFKDUJHGHFD\LQ
WKHVDPSOH*HQHUDOO\WKHWRWDOFKDUJHLQWKHVDPSOHGHFD\
PRQRWRQLFDOO\ZLWKWLPH,WKDVEHHQUHFHQWO\REVHUYHGWKDW
WKHFKDUJHGHFD\EHFRPHVIDVWLQWKHVDPSOHVWUHVVHGDWKLJK
HOHFWULFILHOGVWKDQWKDWVWUHVVHGDWORZHUVWUHVVDVVKRZQLQ
)LJXUH>@
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)LJXUH  &KDUJH GHFD\ DIWHU WKH UHPRYDO RI WKH DSSOLHG
HOHFWULFILHOGVWS PLQ>@

7KLV SKHQRPHQRQ LV YHU\ VLPLODU WR WKDW GHVFULEHG LQ WKH
DERYHVHFWLRQ6SDFHFKDUJHSURILOHVDVVRFLDWHGZLWK)LJXUH
FOHDUO\VKRZFKDUJHLQMHFWLRQIURPERWKHOHFWURGHV

,,, 1(:(9,'(1&(6)2%,32/$5&+$5*(,1-(&7,21
%\ XVLQJ WKH QHZO\ GHYHORSHG VSDFH FKDUJH PHDVXUHPHQW
WHFKQLTXHLWEHFRPHVSRVVLEOHWRREVHUYHFKDUJHIRUPDWLRQ
DQG G\QDPLFV LQ SRO\PHULF PDWHULDOV 1HZ HYLGHQFHV RI
ELSRODU FKDUJH LQMHFWLRQ KDYH EHHQ REWDLQHG HVSHFLDOO\ DW
KLJKHOHFWULFILHOGV)LJXUHLOOXVWUDWHVWUDQVLHQWFXUUHQWDQG
VSDFHFKDUJHGLVWULEXWLRQPHDVXUHGVLPXOWDQHRXVO\LQFURVV
OLQNHGSRO\HWK\OHQHVDPSOH>@









D &XUUHQWGHQVLW\











E 6SDFHFKDUJHGHQVLW\
)LJXUH  &XUUHQW GHQVLW\ DQG VSDFH FKDUJH GHQVLW\ FRORXU
FRQWRXU JUDSK IRU WKH ILUVW  PLQXWHV LQ IUHVK (DSSO 
N9PP       
&RQIHUHQFH3URFHHGLQJVRI,6(,0
,QVWHDGRIDVLQJOHSHDNWKHUHDUHPXOWLFXUUHQWSHDNV)URP
)LJXUHELWLVFOHDUWKDWELSRODUFKDUJHLQMHFWLRQKDVWDNHQ
SODFH DQG FKDUJH UHFRPELQDWLRQ RFFXUV LQ WKH EXON RI WKH
VDPSOH 7KLV LV RIWHQ UHIHUUHG DV FKDUJH SDFNHWV %\
FRPSDULQJ WKH FXUUHQW DQG VSDFH FKDUJH G\QDPLFV LW LV
HYLGHQWWKDWELSRODUFKDUJHLQMHFWLRQDQGUHFRPELQDWLRQDUH
UHVSRQVLEOHIRUWKHFXUUHQWSHDNVREVHUYHG
%\ XVLQJ SXOVH H[FLWDWLRQ DQG WUDQVLHQW VSDFH FKDUJH
PHDVXUHPHQWLWLVSRVVLEOHWRHVWLPDWHFKDUJHFDUULHUYHORFLW\
DVVRFLDWHG ZLWK FKDUJH SDFNHW >@ )LJXUH  VKRZV DQ
REVHUYHGKROH YHORFLW\ YHUVXV WKH DSSOLHG GF HOHFWULF ILHOG
>@6LPLODUWUHQGKDVEHHQSURSRVHG>@


)LJXUH'HSHQGHQFHRIKROHYHORFLW\RQWKHDSSOLHGHOHFWULF
ILHOG

)LJXUHVKRZVVRPHIHDWXUHVRIFKDUJHGLVWULEXWLRQLQ/'3(
VDPSOHV DIWHU EHLQJ FRURQD FKDUJHG DW  N9 IRU GLIIHUHQW
WLPHV>±@,WLVFOHDUWKDWERWKSRVLWLYHDQGQHJDWLYH
FKDUJHV DUH SUHVHQW LQ WKH EXON RI WKH VDPSOH :KHQ WKH
FKDUJLQJ WLPH LV H[WHQGHG IURP  PLQXWHV WR  PLQXWHV
VLJQLILFDQW SRVLWLYH FKDUJH LQMHFWLRQ FDQ EH REVHUYHG DV
VKRZQLQ)LJXUHE'LIIHUHQWGHFD\UDWHLVHYLGHQWZKLFK
FDQ EH DWWULEXWHG WR G\QDPLFV RI WKHVH ELSRODU FKDUJHV
WUDSSLQJWUDQVSRUWDQGUHFRPELQDWLRQLQWKHPDWHULDODUH
UHVSRQVLEOHIRUWKHVXUIDFHSRWHQWLDOGHFD\


)LJXUH6SDFHFKDUJHGLVWULEXWLRQLQȝPVDPSOHFRURQD
FKDUJHGDWN9IRUDPLQXWHVDQGEPLQXWHV
,9 1(:02'(/$1'6,08/$7,21
7RXQGHUVWDQGWKHVHREVHUYHGDQRPDORXVSKHQRPHQDLWLV
FUXFLDO WR UHPHPEHU WKDW DOPRVW LQ DOO WKH FDVHV ELSRODU
FKDUJHVDUHLQYROYHG%\H[SORULQJWKHPRGHOVLQOLWHUDWXUHLW
LVQRWLFHGWKDWWKHELSRODUFKDUJHLQMHFWLRQPRGHOSURSRVHGLQ
>@ KDV D SRWHQWLDO WR VLPXODWH DOO WKHVH DQRPDORXV
SKHQRPHQD,QDGGLWLRQWKHELSRODUFKDUJHLQMHFWLRQPRGHO
KDV EHHQ XVHG H[WHQVLYHO\ WR VLPXODWH FKDUJH WUDQVSRUW
WUDSSLQJDQGUHFRPELQDWLRQXQGHUGFYROWDJH7KHVLPXODWLRQ
UHVXOWV IRU VSDFH FKDUJH G\QDPLFV LQ /'3( VKRZ D JRRG
PDWFKZLWKH[SHULPHQWDOUHVXOWV>@

$ %LSRODU&KDUJH,QMHFWLRQ0RGHO
7KH PRGHO >@ DLPV WR HIIHFWLYHO\ GHVFULEH WKH ELSRODU
WUDQVSRUW DQG VSDFH FKDUJH SKHQRPHQD LQ VROLG GLHOHFWULFV
XQGHUKLJKGFVWUHVV7KHELSRODUWUDQVSRUWLVEHLQJGHVFULEHG
DVDFRQGXFWLRQSURFHVVJRYHUQHGE\DQHIIHFWLYHPRELOLW\
7KLV IHDWXUH GLVWLQJXLVKHV WKH PRGHO IURP WKH RWKHUV ,Q
HIIHFW FKDUJH FDUULHUV DUH LQMHFWHG IURP WKH HOHFWURGHV
HOHFWURQV IURP WKH FDWKRGH DQG KROHV IURP WKH DQRGH
,QMHFWLRQRFFXUVEDVHGRQWKH6FKRWWN\PHFKDQLVPZKHUHE\
RYHUFRPLQJDSRWHQWLDOEDUULHU:DWWKHLQWHUIDFHV



ZKHUH $ LV D FRQVWDQW UHODWHG WR WKH PDWHULDO 7 WKH
WHPSHUDWXUHNWKH%ROW]PDQQFRQVWDQWHWKHHOHFWURQFKDUJH
(WKHHOHFWULFILHOGDWWKHLQWHUIDFHHUWKHUHODWLYHSHUPLWWLYLW\
RIWKHPDWHULDODQGHWKHSHUPLWWLYLW\RIYDFXXP
$IWHU SHQHWUDWLQJ LQWR WKH PDWHULDO WKH FDUULHUV XQGHU WKH
LQIOXHQFHRIWKHDSSOLHGILHOGZLOOGULIWDFURVVWKHPDWHULDO
FKDUDFWHUL]HG E\ DQ HIIHFWLYH PRELOLW\ 7KURXJKRXW LWV
PRWLRQVVRPHFDUULHUVDUHWUDSSHGLQWKHORFDOL]HGVWDWHVLH
GHHSWUDSFHQWUHVDQGWKHUHIRUHWKHWRWDODPRXQWRIFKDUJHV
PRYLQJ DFURVV UHGXFHV +RZHYHU QR H[WUDFWLRQ EDUULHU LV
LQWURGXFHG LQ WKH PRGHO DQG RQ WKH RWKHU KDQG WKH\ DUH
SURQH WR UHFRPELQH ZLWK WKHLU RSSRVLWH VSHFLHV HOHFWURQV
ZLWKKROHV
&KDUJH WUDQVSRUWDWLRQ LQ VROLG GLHOHFWULFV LV HVVHQWLDOO\
JRYHUQHG E\ D VHW RI EDVLF HTXDWLRQV 7KH\ GHVFULEH WKH
EHKDYLRXURIFKDUJHFDUULHUVLQWKHV\VWHPWKURXJKDWLPHDQG
VSDFHGHSHQGHQWWRWDOIOX[M[WDQGE\QHJOHFWLQJGLIIXVLRQ
>@
7UDQVSRUWHTXDWLRQ
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
ZKHUHPLVWKHPRELOLW\RIFDUULHUVQWKHGHQVLW\RIPRELOH
VSHFLHV ( WKH HOHFWULF ILHOG M WKH  FXUUHQW GHQVLW\ [ WKH       
&RQIHUHQFH3URFHHGLQJVRI,6(,0
VSDWLDO FRRUGLQDWH W WKH WLPH V WKH VRXUFH WHUP HW K H  
GLHOHFWULFSHUPLWWLYLW\DQGUWKHQHWFKDUJHGHQVLW\

% 6LPXODWLRQ5HVXOWV
8VLQJWKHDERYHPRGHOVSDFHFKDUJHG\QDPLFVLQWKHEXONRI
WKH PDWHULDO XQGHU GF YROWDJHV FDQ EH FDOFXODWHG >@ ,Q
DGGLWLRQLWLVDOVRSRVVLEOHWRFDOFXODWHWKHFXUUHQWGHQVLW\-
DQG LWV UHODWLRQVKLS ZLWK WLPH )LJXUH  LOOXVWUDWHV LQLWLDO
VLPXODWLRQUHVXOWVRIFXUUHQWGHQVLW\XQGHUYDULRXVDSSOLHG
HOHFWULFILHOGV,WLVFOHDUWKDWDFXUUHQWSHDNDSSHDUV6LPLODU
WR WKH H[SHULPHQWDO UHVXOWV WKH SHDN VKLIWV WRZDUGV WKH
VKRUWHUWLPHZKHQWKHDSSOLHGHOHFWULFILHOGLQFUHDVHV


)LJXUH7UDQVLHQWVSDFHFKDUJHFXUUHQWVREWDLQHGIURPWKH
ELSRODUFKDUJHPRGHO

2QFH WKH DSSOLHG HOHFWULF ILHOG LV UHPRYHG WKH GLVFKDUJH
FXUUHQWFDQDOVREHFDOFXODWHG7KHGLVFKDUJHFXUUHQWIORZLQJ
LQ WKH RSSRVLWH GLUHFWLRQ GHFD\V PRQRWRQLFDOO\ +RZHYHU
ZKHQ WKH DSSOLHG HOHFWULF ILHOG LQFUHDVHV WKH GLVFKDUJH
FXUUHQWGHFUHDVHVYHU\UDSLGO\DQGFURVVWKH]HUR,WIORZVLQ
WKHVDPHGLUHFWLRQDVWKHFKDUJLQJFXUUHQWEHIRUHGHFD\LQJWR
WKH]HURDVVKRZQLQ)LJXUH


)LJXUH'LVFKDUJHFXUUHQWREWDLQHGIURPWKHELSRODUFKDUJH
LQMHFWLRQ

%DVHGRQWKHYHORFLW\UHVXOWYHUVXVWKHDSSOLHGILHOG)LJXUH
WKHIRUPDWLRQDQGPRYHPHQWRIFKDUJHSDFNHWFDQDOVREH
VLPXODWHGXVLQJWKHELSRODUFKDUJHPRGHOGHVFULEHGDERYH$
W\SLFDOUHVXOWLVVKRZQLQ)LJXUH,WKDVWREHVWUHVVHGWKDW
WKH FKDUDFWHULVWLFV RI YHORFLW\ YHUVXV WKH ILHOG VKRZQ LQ
)LJXUHLVQHFHVVDU\WRSURGXFHFKDUJHSDFNHW
7KHUHODWHGVSDFHFKDUJHGHFD\LVVKRZQLQ)LJXUH,WKDV
EHHQIRXQGWKDWIRUWKHVDPHOHQJWKRIYROWDJHDSSOLFDWLRQ
WLPH WKH LQMHFWHG FKDUJHV WUDYHO IXUWKHU ZLWK LQFUHDVLQJ
DSSOLHG HOHFWULF ILHOG 7KH DPRXQW RI WKH LQMHFWHG FKDUJHV
DOVRLQFUHDVHVUDSLGO\ZLWKWKHDSSOLHGHOHFWULFILHOG


)LJXUH6LPXODWHGFKDUJHSDFNHWWUDYHOOLQJDFURVV/'3(DW
N9


)LJXUH  6SDFH FKDUJH GHFD\ DIWHU WKH UHPRYDO RI WKH
HOHFWULFILHOGV

&RQVLGHULQJ WKH QHZ HYLGHQFH RI ELSRODU FKDUJH LQMHFWLRQ
GXULQJWKHFRURQDFKDUJLQJDQGGHFD\SURFHVVHV)LJXUH
WKH ELSRODU FKDUJH LQMHFWLRQ PRGHO FDQ DOVR EH DSSOLHG WR
H[SODLQWKHVXUIDFHSRWHQWLDOGHFD\ZLWKVRPHPRGLILFDWLRQV
7KLVGHYLDWHVVLJQLILFDQWO\DZD\IURPWKHSUHYLRXVVXUIDFH
SRWHQWLDOGHFD\PRGHOV$GGLWLRQDOO\DWXQQHOLQJSURFHVVKDV
EHHQSURSRVHGWRDFFRXQWIRUFKDUJHLQMHFWLRQIURPWKHWRS
VXUIDFHZKLOHWKHFRQYHQWLRQDO6FKRWWN\LQMHFWLRQLVXVHGIRU
WKHERWWRPVXUIDFH
7KHFKDUJHWUDQVSRUWLQWKHEXONRIWKHVDPSOHLVGHWHUPLQHG
E\WKHHOHFWULFILHOG7KHHOHFWULFILHOGLQWKHVDPSOHDWDQ\
WLPH FRQVLVWV RI FRQWULEXWLRQV IURP WKUHH FRPSRQHQWV LH
VSDFHFKDUJHȡ[WVXUIDFHFKDUJHGHQVLW\DWWKHWRSıW
DQG WKH LQGXFHG VXUIDFH FKDUJH GHQVLW\ DW WKH ERWWRP
HOHFWURGH ıW  /HW XV DVVXPH WKH ILHOG FRPSRQHQWV DUH
UHSUHVHQWHG E\ (ȡW (ıW DQG (ıW UHVSHFWLYHO\ 7KH
VXUIDFH SRWHQWLDO DFURVV WKH VDPSOH FDQ EH FDOFXODWHG E\
LQWHJUDWLQJWKHWRWDOHOHFWULFILHOG



,QDGGLWLRQWKHWRWDOFKDUJHLQWKHV\VWHPDWDQ\WLPHPXVWLQ
EDODQFHLH


ZKHUH6LVWKHVXUIDFHDUHDZKHUHFKDUJHVDUHSUHVHQW
&OHDUO\ıWıWDQGȡ[WDUHQRWLQGHSHQGHQWTXDQWLWLHV
%DVHGRQWKHPRGLILHGPRGHOLWLVSRVVLEOHWRFDOFXODWHȡ[       
&RQIHUHQFH3URFHHGLQJVRI,6(,0
W GXULQJ WKH FRURQD FKDUJLQJ XQWLO D SUHGHILQHG FKDUJLQJ
WLPH W W 7KH TXDQWLWLHV 9W DQG ȡ[ W DUH WKH LQLWLDO
FRQGLWLRQ IRU VXUIDFH SRWHQWLDO GHFD\ 7KLV DOORZV RQH WR
GHWHUPLQHıWDQGıWXVLQJWKHDERYHWZRHTXDWLRQV
2QFH WKHVH LQLWLDO IRXU TXDQWLWLHV DUH GHWHUPLQHG RQH FDQ
FDOFXODWHQHZVSDFHFKDUJHGLVWULEXWLRQȡ[WǻWEDVHGRQ
WKH SURSRVHG PRGHO DQG WKH WZR VXUIDFH GHQVLW\ ıWǻW
DQGıWǻWXVLQJWKH)1WXQQHOLQJDQG6FKRWWN\LQMHFWLRQ
UHVSHFWLYHO\,QDGGLWLRQDVWKHV\VWHPLVDQRSHQFLUFXLWWKH
LQMHFWHGFKDUJHPXVWVDWLVI\WKHIROORZLQJFRQGLWLRQ
0D[ZHOO¶VHTXDWLRQIRUWKHWRWDOFXUUHQW

 

7KHVXUIDFHSRWHQWLDODWWLPHW WǻWFDQILQDOO\EHFRPSXWHG
XVLQJHTXDWLRQ5HSHDWLQJWKHSURFHVVWKHUHODWLRQVKLS
EHWZHHQWKHVXUIDFHSRWHQWLDODQGWLPHFDQEHFDOFXODWHG2XU
LQLWLDOVLPXODWLRQZRUNVKRZVLWLVSRVVLEOHWRDFKLHYHVXUIDFH
SRWHQWLDO FURVVRYHU SURYLGLQJ WKH LQLWLDO VXUIDFH SRWHQWLDO
DQGVSDFHFKDUJHGLVWULEXWLRQDUHVHWULJKWDVVKRZQLQ)LJXUH



)LJXUH,QLWLDOVLPXODWLRQVKRZLQJFURVVRYHURIVXUIDFH
SRWHQWLDOGHFD\

)URPWKHDERYHUHVXOWVLWFDQEHVHHQWKDWWKHELSRODUFKDUJH
LQMHFWLRQPRGHOVKRZVDJRRGTXDOLWDWLYHDJUHHPHQWZLWKDOO
WKHDQRPDORXVSKHQRPHQDREVHUYHGDWKLJKGFILHOGV7KLV
VXJJHVWVWKDWWKH\FRPHIURPWKHVDPHRULJLQLQWHUPVRI
SK\VLFDOPHFKDQLVP
9&21&/86,216
1HZH[SHULPHQWDOHYLGHQFHVREWDLQHGXVLQJWKHVSDFHFKDUJH
PDSSLQJ WHFKQLTXHV FOHDUO\ LQGLFDWH WKDW ELSRODU FKDUJH
LQMHFWLRQ WUDSSLQJ UHFRPELQDWLRQ DQG WUDQVSRUW DUH
UHVSRQVLEOHIRUWKHREVHUYHGDQRPDORXVSKHQRPHQDDWKLJK
HOHFWULF ILHOGV 6LPXODWLRQV EDVHG RQ WKH ELSRODU FKDUJH
LQMHFWLRQ PRGHO FDQ UHYHDO DOO IHDWXUHV REVHUYHG LQ
DQRPDORXVSKHQRPHQD7KLVVXJJHVWVWKDWDOOWKHVHREVHUYHG
SKHQRPHQD KDYH WKH VDPH RULJLQ LQ WHUPV RI SK\VLFDO
PHFKDQLVPV:HDUHFXUUHQWO\ZRUNLQJRQWKHGHWDLOVRIWKH
PRGHOVXFKDVSDUDPHWHUVVHOHFWLRQVRLWFDQEHDSSOLHGWRDOO
WKH VLPXODWLRQV 7KH FKDQJHV LQ WKHVH SDUDPHWHUV PD\ EH
UHODWHGWRPDWHULDOGHJUDGDWLRQXQGHUKLJKHOHFWULFILHOGV

$&.12:/('*0(176
$XWKRUZRXOGOLNHWRH[SUHVVKLVDSSUHFLDWLRQWRKLVFXUUHQW
DQGIRUPHU3K'VWXGHQWVSRVWGRFVDQGFROOHDJXHVIRUWKHLU
FRQWULEXWLRQV WRZDUGV XQGHUVWDQGLQJ RI KLJK ILHOG
SKHQRPHQD
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